The putative spread after the outbreak of the haemorrhagic fever epidemic caused by Ebola virus in West Africa, in the early months of 2014, puts the spotlight on the management of biological risks involving air transportation. Ebola virus is a highly pathogenic agent, causing a haemorrhagic fever defined Ebola HF, characterized by a high fatality. This virus is generally considered to be self-limiting in terms of diffusion; its lethality is in fact so high as to prevent the exit from rural areas where outbreaks generally occur. However, when the virus comes from rural areas and reaches urban places, it is important to assess the risk of spreading even in areas far from the outbreak of origin. Therefore, the development or strengthening of strategies and plans to take action with timely and effective response in order to reduce the consequences of public health emergencies is paramount. During Ebola virus outbreak in West Africa in 2014, World Health Organization focused attention on many airports, stops of main flights coming from Africa; the aviation, due to its nature, has the potential to help boost the global spread of transmissible diseases, since air travel allow to reach the most remote locations in hours.
The management of biological emergencies during ordinary operations of airlines and airports represents a real constraint in the event of contrast epidemic situations or endemic outbreaks. An effective response plan should include a careful assessment of the risks and the establishment of procedures to carry on board of aircrafts or on the ground.
To ensure that this complex system works correctly, a broad and effective cooperation between the different actors involved is required. On the international level, several documents and recommendations relating to the management of contagious diseases in aeronautical environment have been produced by authoritative agencies.
In this paper, after an overview on the international response to public health emergencies in the aviation environment, the attention is focused on emergency response to the Ebola virus crisis in 2014, including an evaluation of the potential dispersion of the pathogen.
Biological Emergency Management: The Case of Ebola 2014 and the Air Transportation Involvement

Introduction
Ebola virus is currently regarded as the most lethal virus so far discovered, causing severe haemorrhagic fever disease and high casefatality rates. This high fatality, combined with the absence of treatment and vaccination options [1] , makes Ebola virus an important public health pathogen. The underestimation of the severity of a possible epidemic or pandemic situation could represent a catastrophic mistake. Ebola viruses belong, together with Marburgvirus, to the family of Filoviridae: these cause a severe haemorrhagic fever in humans and non-human primates. A novel Ebola virus-like virus, discovered in M. schreibersii in Cueva del Lloviu in Spain, named Cuevavirus, has been proposed recently as new genus of Filoviridae family [2] .
Filoviruses are enveloped, non-segmented, negative stranded RNA viruses. Ebola virus particles have an uniform diameter of 80 nm, but they can greatly vary in morphology including long, up to 14 µm, sometimes branched filaments, as well as shorter filaments shaped like a "6", a "U", or a circle. The genome, approximately 19 kb in size, consists of seven genes, linearly arranged, that are sequentially transcribed by RNA polymerase complex (L and VP35 proteins) recognition of start and stop signals flanking each viral gene. The inner ribonucleoprotein complex of virion particles consists of the RNA genome encapsulated by the nucleoprotein (N), which associates with VP30 and the RNA polymerase complex. VP40 in association with VP24 serves as the matrix protein and mediates particle formation. The glycoprotein GP forms trimeric spikes on the virion envelope and it is responsible for virus adsorption on the cell membrane [3] (Figure 1a,1b) .
The first case of filo virus haemorrhagic fever was reported in 1967 in Germany, following exposure of laboratory staff to C. aethiops biological fluids; the causative agent was identified as Marburg virus [3] . Similar cases of haemorrhagic fever were described in 1976 from outbreaks in two neighboring locations: first in southern Sudan and subsequently in northern Zaire [4] . An unknown causative agent was isolated from patients in both outbreaks and named Ebola virus. Two different subtypes of Ebola virus were involved into the outbreaks, afterwards classified as Zaire Ebola virus (EBOV) and Sudan Ebola virus (SUDV). Both viruses proved to be highly lethal (90% for the Zairian strain and 50% for the Sudanese strain). The Taï Forest Ebola virus (TAFV) first emerged in Ivory Coast in 1994, was isolated from a man infected during the autopsy of a wild primate [3] . The last one Ebola virus subtype discovered, Bundibugyo Ebola virus (BDBV), appears during an outbreak in Uganda in 2007. An additional Ebola virus subtype, Reston Ebola virus (RESTV) was isolated in United States in 1989 from Philippines imported M. fascicularis [5] . BDBV, EBOV, and SUDV have been associated with large Ebola virus disease (EVD) outbreaks in Africa ( Figure 2 ) [4] . Reston Ebola virus is the only one that seems to be asymptomatic in humans at the moment, but it has proved it can be fatal in monkeys and it has been recently recovered from infected swine in South-east Asia [6] . A detailed report of main Ebola virus outbreaks, divided according to Ebola virus subtypes, is shown in Table 1 .
Human pathogenic Ebola virus (EBOV, SUDV, TAFV and BDBV) are endemic to Africa with an increase in the number of outbreaks and cases since 2000; the different subtypes of Ebola virus occurred with different frequencies (Table 1) .
Filo virus haemorrhagic fever is thought to be a classic zoonosis with persistence of the Ebola virus in a reservoir species generally found in endemic areas. Although much effort has been made to identify the natural reservoirs, neither potential hosts nor arthropod vectors have been clearly recognized. The source of infection was originally identified in primates; however, they are susceptible to Ebola virus infection and are actually regarded as end hosts similarly to humans [7] . Analyses carried out on different animal's species during Ebola virus outbreaks seemed to designate particular species of fruit bats as putative virus reservoir. These animals show an asymptomatic infection that can be spread to other animals and humans through blood or other fluids, and also through handling and consumption of hunted bats in many rural villages [8] . The identification and successful isolation of Cuevavirus from the cave-dwelling Schreiber's bats in Europe further supports the hypothesis of bats as a reservoir species for filoviruses [9] .
Epizootic infections with Ebola virus appear sporadically and occur in rural forested areas in equatorial Africa through direct contact with the blood, secretions, organs or other body fluids of infected animals [4] . After initial spillover event, outbreaks are primarily the result of person-to-person transmission of virus, which occurs through direct contact with infected individuals, their body fluids (saliva, stool, urine, and semen) or contaminated clothes or linens. Although airborne transmission among humans has not been reported [10] , the potential ability of Ebola virus to infect the respiratory tract of non-human primates through aerosolized virus particles administration, has been clearly demonstrated [11] .
Family members and health workers have the highest risk of Ebola virus spreading as a result of ill care. Religious practices during burial ceremonies can be also part of the Ebola virus spread in mourners and community members. World Health Organization (WHO) suggests that people deceased as consequence of EVD must be handled using protective clothing and gloves, and be buried immediately after death [4] . During outbreaks, patients isolation and use of the provided protective clothing and disinfection procedures is mandatory and it has been sufficient to interrupt further transmission of Ebola virus, and thus to control and end the outbreak [12] . Though the different subtypes of Ebola virus seem to cause somewhat different clinical syndromes, generally, the abrupt onset of EVD follows an incubation period of 2-21 days and is characterized by fever, headache, joint and muscle aches, sore throat, and weakness, followed by diarrhea, vomiting, and stomach pain. Only at the onset of symptoms, infected people become contagious. Haemorrhagic manifestations arise during the peak of the illness and include ecchymosed, mucosal hemorrhages, and post-mortem evidence of visceral haemorrhagic effusions [13] . In later stages, shock, convulsions, severe metabolic disturbances, and, in more than half the cases, diffuse coagulopathies.
Patients, who eventually recover, present fever for about five to nine days; convalescence is prolonged and sometimes associated with myelitis, recurrent hepatitis, psychosis or uveitis [3] . In fatal cases, death occurs between 6 and 16 days after the onset of symptoms that occur at an early stage, as a result of multi-organ failure and hypovolemic [14] . Ebola infection can be confirmed through several types of laboratory tests: ELISA, Real Time RT-PCR, antigen detection tests or serum neutralization test [4] executed only in laboratories provided with specific equipments [3] . Filoviruses are classified as Biological Level 4 (BSL4) agents by Health and Safety Executive [15] and as category A biological warfare agents (BWA) by the Centers for Disease Control and Prevention [16] . The nature of the virus make it suitable as BWA for the high lethality in human infection and for the potential oral and conjunctival viral transmission demonstrated with aerosolized virus suspensions in non-human primates [17] . This implies rigorous controls for diagnostic and research laboratories to prevent the access to the virus by terrorist organizations [18] .
The high mortality associated to EVD represents an auto limitation for the virus expansion; that's why most of the outbreaks began and ended in rural areas.
The new outbreak of Ebola virus in West Africa in 2014 involves not only rural areas, but also the state capital of Guinea, the city of Conakry. The possible spread of Ebola virus disease in a high density population area is not the only worrying situation; the access to air travel could lead to a catastrophic scenario with possible outbreaks all over the world.
Aviation as potential global spread
On an international level several regulations, guidelines and recommendations relating to the management of transmissible diseases through air travel were published. Among them, the most important reference is represented by the International Health Regulations (IHR) adopted by the World Health Organization [19] . This document, focuses on the alert and response to outbreaks by public health, aims to identify, reduce or eliminate sources of infection or contamination related to air travels. In the presence of a public health emergency of international concern, WHO may issue recommendations (permanent or ordinary), which can include health measures regarding persons, baggage, containers, conveyances, goods, and/or parcels to avoid or reduce the spread.
WHO recommendations relating to passenger and aeronautical workers may include specific health measures, such as checking the travel history in affected areas, requests for medical examinations and laboratory tests, immunization requirements or other prophylaxis, observation, quarantine or public health measures for the suspects (isolation, identification of contacts of people with suspected and/ or restrictions on persons from affected areas). In the IHR measures on arrival and departure that a State may require for public health reasons are also reported. Depending on requirements, the competent authority may take additional health measures.
Other significant international references are represented by the "Airport Preparedness Guidelines for Outbreaks of Communicable Disease", published by the International Civil Aviation Organization (ICAO) and by the Airports Council International (ACI) [20] . This publication provide suggestions on the preparation of the airports in response to public health emergencies epidemic, tracing the key points, including internal and external communications; screening and monitoring the arrival and departure of travelers; logistics (organization of the transfer of passengers to health facilities); instrumental resources and coordination with local and national health authorities.
In Europe, an important contribution is provided by the European Centre for Disease Prevention and Control (ECDC) which, with the technical report "Risk Assessment Guidelines for Infectious Diseases transmitted on Aircraft" (RAGIDA) (ECDC, 2009) [21] and with the guidance "Risk Assessment Guidelines for Diseases transmitted on Aircraft (RAGIDA). Part 2: Operational guidelines for assisting in the evaluation of risk for transmission by disease" (ECDC, 2010) [22] traces, for some of the most important transmissible diseases, the main characteristics, the routes of exposure and the procedures to be adopted in the immediate and in the post-exposure, especially in reference to the problem of traceability of possible peoples contacts.
For the health security, airplanes are generally more secure than other transportation, mainly for the hygiene and salubrity of the air, thanks to high-efficiency air filters. Nevertheless, the spread of several diseases has been demonstrated aboard aircraft; more than ten relevant for transmission diseases (Tuberculosis, Influenza, SARS, Meningococcal disease, Measles, Rubella, Diphtheria, Ebola, Marburg, Lassa, Smallpox, and Anthrax) are highlighted by ECDC [21] .
In order to reduce the risk of not airborne (or not airborne only) pathogens transmission on the aircrafts as well in the shared spaces of the airports, frequent routine cleaning and disinfections using nondetrimental specific substances is mandatory [23] .
The potential routes of transmission of infectious agents on board are mainly: a) inhalation of airborne droplets or small particles; b) direct contact with organic residues; c) indirect contact with respiratory secretions and other biological fluids contaminated surfaces.
In literature, several cases of aboard aircraft infection are reported. Two studies can be cited, the first one relating to a tuberculosis case [24] and the other one to a Severe Acute Respiratory Syndrome (SARS) case [25] .
The cabin crew should be informed about the presence of any outbreaks or endemic diseases in places reached by the flight, about epidemiological characteristics of any pathogens and it should be made aware of the main symptoms of possible transmissible diseases present (fever, cough, sore throat, and sometimes vomiting and diarrhea, etc.).
The traceability of passengers exposed at the risk of infection during an air travel is extremely important in order to reduce the risk of spreading an infectious disease. Traceability should be started following a careful evaluation based on the infectivity of the patient, the effective amount of personal contacts and wherever possible, considering the individual susceptibility of the exposed individuals.
The RACIDA guidance published by ECDC in 2010 [22] supply the response criteria and the procedures relating to the most relevant human airborne diseases. These focus also on the opportunity to use the traceability of people exposed to biological events on the aircraft. The same criteria can be extended, with the appropriate adaptations, to other infectious diseases resulting from intentional events. The key points of RACIDA guidelines include, essentially, the definition of a) the index case (i.e. the case alleged, probable or confirmed infection starting); b) the exposure effective risk (which takes into account both the duration of the flight that the placement in the cabin) and c) the traceability criteria [22] .
According to the IHR [19] , in response to public health emergency events of international concern, the airports located in outbreaks involved areas must practice a screening of passengers. This task may play a key role in limiting the spread of a transmissible disease. The screening activity must also be considered as a function of the epidemiology and of the disease morbidity and mortality. The screening advantages appear evident for infectious diseases that can be transmitted during the incubation period or in the event of asymptomatic forms. Among the possible screening models should be cited: visual inspection, questionnaires, temperature measurement (thermal scanners and other available methods), to be calibrated according to the disease features.
The screening of passengers from affected areas is definitely more effective than the screening made on arrival; it results in a) lower number of travelers to be screened; b) increased probability that a positive result is a true positive; c) reduced transmission of pathogens on the aircraft.
Ebola virus spread in 2014: potential involvement of aviation
The Ebola virus outbreak in 2014 in West Africa represents the first documented outbreak in this geographical area [26] . The spread has involved more than one country: starting in early February from Guinea, it has rapidly reach places abroad, first of all Liberia ( Figure  3) . Also closest regions, Mali and Sierra Leone, reports suspected cases, many of whom afterwards proved negatives for Ebola virus [27] (Figure 4 ).
The etiology of the disease was first confirmed by the National Reference Centre for Viral Haemorragic Fevers of the Pasteur Institute in Lyon, France [26] . Genetic analysis of the West Africa Ebola virus emerged in 2014 indicates that is strictly homologous with the high case-fatality EBOV last reported in 2009 in Democratic Republic of Congo [26] . in the epicenter of the outbreak. In Liberia, several international organizations, including the International Red Cross (IRC), are aiding the Ministry of Health and Social Welfare (MoHSW) by supporting awareness campaigns and providing personal protective equipment (PPE) (coveralls, gloves, surgical gowns, face shields, face masks, safety goggles, head covers, respirators, shoe covers, gum boots) for healthcare workers [28] .
Centers for Disease Control and Prevention (CDC) deployed expert teams to assist WHO, Guinea MoH and Liberia MoHSW to improve international response to this Ebola virus outbreak. Implementation of the collaboration among institutes and laboratories (i.e. the Emerging and Dangerous Pathogens Laboratory Network) for diagnostic procedures was also carried on [29] . Certain provisions, including the banning of the bats meat consummation, were also imposed [30] . Senegal, a country neighboring Guinea, has closed its borders to limit the spread of the outbreak [26] . Several national Agencies, such as the Public Health Agency of Canada or the French Ministry of Health, have published issues and information about precautions to be taken for the tourists and commercial operators in hazardous areas [31, 32] .
The main concern of the International Agencies about the potential spread of Ebola virus in areas far away from the epicenter of the epidemic is mainly due to the reaching of clinical cases in an urban environment. This could represent a risk for the global spread if air travels are carrying out by affected individuals. As well documented, the infectivity of Ebola virus is limited to the symptomatic phase [33] . Due to the highly incapacitating symptoms of Ebola virus infection, the event that an affected individual undertake an air travel during the symptomatic phase results very unlikely. Moreover the symptomatic passenger boarding should be prevented by control measures put in place by the countries involved in the outbreak at the departure airports.
However, two risk events may occur and should be taken into consideration. The first event is represented by an individual who becomes symptomatic and therefore infectious aboard an airplane; the second event is represented by an individual who manifests symptoms after reaching at the destination.
In the case that a passenger manifests symptoms on aircraft, will be necessary to establish whether: a) he has visited a country where the Ebola virus spread has been confirmed in the previous three weeks and b) he has been in contact with wild sick or dead animals or persons [26] .
In the presence of affirmative answers, the symptoms may actually be associated to EVD and the measures from RAGIDA report and guidance [22] and IATA Guidelines for Suspected Communicable Diseases [34] will be followed for the prevention of other passengers and crew health.
In particular, the IATA guidelines indicate what should be the management of the affected individual on board the aircraft. The affected must a) be kept separate from close contact with other passengers; b) be provided with a surgical mask in order to reduce the number of droplets emitted; the crew should use disposable gloves to avoid direct contact with body fluids. In the event of affected individuals, an accurate disinfection and sanitizing of aircraft and airports are essential, since biological fluids (urine, blood, saliva, etc.) dropped inside the aircraft or in the airport area represent a risk factor [21] due to the capacity shown by the virus to remain infectious for several days in liquid or dry media [35] . However, Ebola virus is easily inactivated by common disinfectants [36] , thus the cleaning procedures currently used in airports and aircraft appear to be suitable for the virus removal. Special precautions (both about protective devices that about cleaning strategies) must be taken to avoid contaminations of the cleaning staffs [37] . As indicated by the RAGIDA guidance, passengers seated one seat apart from the infected traveler as well as crew and cleaning service members who have had direct contacts with body or bodily fluids of the affected individual should be monitored. The arrival airport must be alerted by the aircraft captain as soon as symptoms of disease are detected, in order to put in place the necessary measures for reception and medical assistance of the affected individual and people come in contact with him. Different evaluations should be carried out considering the hypothesis that an incubating asymptomatic individual manifest symptoms after reaching him destination. Security measures at departure airports including temperature scan or symptoms tests are not effective in diagnosing of asymptomatic individual who could therefore easily pass medical controls and start a new focus of outbreak miles far away from the initial one. Therefore, for diseases characterized by a long incubation period, such as Ebola virus, it would be also opportune to implement screening procedures for all arriving passengers from epidemic areas, in order to identify any individuals who are developing symptomatic fever.
The indications about the management of a potential outbreak in far areas after the people movement from the arrival airport appear however to be limited to a few essential directions, such as the tracking of passenger flows and the importance of communication between affected person and the health authorities about the movements and interpersonal contacts [38] . Response procedures appear therefore to be delegated to the medical institutions (such as Department of Health, Ministry of Health, etc.) of potentially affected nations. The training of expert teams competent in epidemic management and in the development of intervention plans is also mandatory: in this direction the University of Rome Tor Vergata is working on the preparation of new experts and new ways to face and manage CBRN (Chemical, Biological, Radiological, Nuclear) events like the Ebola virus outbreak one [39] [40] [41] [42] [43] [44] [45] [46] [47] .
Conclusions and Discussion
The Ebola virus outbreak in West Africa from early 2014, has turned on the spotlight on the problem of potential global diffusion of Ebola virus.
Ebola virus is considered one of the higher lethal pathogens however, and due to severe illness and the extremely high mortality rate, Ebola virus is considered a self-limiting spreading pathogen. It is infective only in the symptoms stage and diffusion during the incubation stages is not reported by the literature. Symptomatic individuals, due to the high pathogenesis, fail to leave the place of onset of symptoms.
The new outbreak in West Africa in the early 2014 is causing most concern since the epidemic is reaching of urban areas. This represents a novelty in the diffusion assessment due the density of population in the urban. In addition, it is easier for infected individual move in areas far away, as in the case of air travels. Although it is unlikely that an Ebola virus infected individual can board an aircraft during the symptomatic phase of EVD, the possibility that a disease incubating passenger may constitute a contagion hazard in the event that he manifests symptoms during the flight or in arrival destination areas cannot be ruled out.
In each potentially exposed country should therefore be present ad hoc designed emergency plans to be implemented in the event of outbreaks. In addition, health care professionals should be correctly trained and supplied with the necessary equipment in order to best manage the emergency. In view of the Ebola virus long incubation period, the traceability of passengers arriving from outbreak spread areas, using e.g. traceability cards (as performed during the SARS outbreak of in 2003 [48, 49] ) is strictly recommended for at least three weeks after arrivals. Passengers from at-risk areas should also be advised to be careful to the emergence of any potential symptom and response teams should be prepared in the occurrence of suspicious cases. The population should be informed about the most common symptoms and the references of the emergency response team should be indicated.
Preparation is mandatory to manage a possible, although unlikely, Ebola virus outbreak in places far away from origin areas. The underestimation of a possible threat can be dangerous, as well as an overestimation might be; therefore it is very important to properly assess the situation in order to avoid causing panic in the population, but at the same time be ready to counter any potential emergency.
Addendum
Due to the rapid evolution of the Ebola virus outbreak, all the data shown in this paper represents the situation at May 1 st , 2014.
